The U.S. government subsidizes retirement saving through 401(k) plans with $61.4 billion in tax expenditures annually, but the question of whether these tax incentives are effective in increasing saving remains unanswered. Using longitudinal U.S. Social Security Administration data on tax-deferred earnings linked to the Survey of Income and Program Participation, the project examines whether the "catch-up provision," which was enacted in 2001 and allows workers over age 50 to contribute more to their 401(k) plans, has been effective in increasing earnings deferrals. Compared with similar workers under age 50, the study finds that contributions increased by $540 more among age-50-plus individuals who had approached the 401(k) tax-deferral limits prior to turning 50, suggesting that the older individuals respond to the expanded tax incentives. For this group, the elasticity of retirement savings to the tax incentive is quite high: a one-dollar increase in the tax-deferred limit leads to an immediate 49-cent increase in 401(k) contributions.
Introduction
The Joint Committee on Taxation (2013) estimates that the tax-deferred treatment of defined contribution (DC) plans like 401(k)s will cost the U.S. federal government $61.4 billion in lost revenue in 2014. But researchers have not come to a consensus on whether this tax expenditure induces additional retirement saving (see Bernheim 2002 for a review). Indeed, whether retirement savings respond to any tax incentive is an open question. Chetty et al. (2014) , using Danish data, find that 85 percent of savers are "passive": their saving rate increases only when it is done automatically. Ramnath (2013) finds no evidence that low-income Americans' retirement saving increases in response to the Saver's Tax Credit. 1 The increase in the maximum tax-deferred 401(k) contribution for participants age 50 and older provides a natural experiment in whether savers respond to a change in the tax incentives.
The Economic Growth and Tax Relief Reconciliation Act of 2001 for the first time allowed individuals age 50 and over to make "catch-up contributions" that extend the incentives for older workers. In 2014, the contribution limit is $17,500, but older workers can contribute an extra $5,500 per year. 2 The higher limit provides an incentive for workers previously constrained by the maximum to increase their tax-deferred savings, but does not change the incentives to save for workers unconstrained by the limit.
Evaluating the effect of the catch-up provision on 401(k) saving requires accounting for three factors: the fundamental differences between maximum contributors (who faced a change in incentives) and participants contributing a lower amount (who faced no change), the growth in 401(k) contributions over time, and the potential increase in saving with age. This study adopts a triple-differences framework, comparing the change in 401(k) contributions for maximum contributors just after age 50 to similar participants just under age 50, within a tight window around the policy change. The identification assumption is that maximum contributors at ages 50-53 are (conditionally) identical to maximum contributors at ages 46-49, except that the older group faces a higher deferral limit. 3 In that event, the differential increase in contributions for this older group from just before 2002 to just after is due to the adoption of the catch-up provision.
The existing literature documents the two non-policy factors that complicate the analysis.
First, contributions have increased over time as workers have lost access to defined benefit pensions and have come to rely on 401(k)s as the sole source of employer-sponsored retirement saving (Poterba, Venti, and Wise 2008) . Second, contributions may rise at age 50 not due solely to tax policy. The life cycle model predicts an increase in retirement saving around age 50, due to a combination of factors, e.g., children graduating from college (Gokhale, Kotlikoff, and Warshawsky 2002) . Empirical evidence suggests that saving rates increased around age 50 between 0.5 and 1.2 percentage points, even before the adoption of catch-up contributions (Holden and VanDerHei 2001; Poterba, Venti, and Wise 2008; Joulfaian and Richardson 2001) . 4 This study estimates the triple-differences model using demographic and economic characteristics from the Survey of Income and Program Participation (SIPP) linked to administrative data on tax-deferred earnings from the U.S. Social Security Administration (SSA).
We find that workers respond to the tax incentives in the catch-up contribution provision. After adoption of the catch-up contribution in 2002, workers age 50 and over constrained by the maximum deferral level increase their contributions by $540-1,020 more than the increase by similar workers under 50. This increase is between 3.5 percent and 6.5 percent of the maximum deferral level -about $13,000 -over this period. Adjusting for inflation, the deferral limit increased by 11.7 percent per year for participants age 50 and over, or 6.8 percentage points faster than the simultaneous increase in the limit for participants under age 50 (4.9 percent). The 3.5-6.5 percent increase in contributions represents 49-96 percent of the 6.8-percentage-point rise in the limit for the 50+ group; that is, the elasticity of retirement savings to the tax incentive is in the range of 0.49-0.96, depending on the model specification. Deferrals among maximum contributors just under age 50 -who faced smaller increases in the maximum deferral -also 3 Another challenge is that maximum contributors just under age 50 also faced increasing deferral limits between 2002 and 2005. But because participants age 50 and over faced these same increases -and catch-up contributions on top of them -the triple-differences framework should difference out this increase. 4 Other research finds that saving accelerates at younger ages, in one's mid-to-late 30s (Love 2007) or mid-40s (Cagetti 2003) . Other studies find later acceleration; King and Dicks-Mireaux (1982) and Hubbard (1986) find that the ratio of net worth to permanent income increases into one's 60s, though these studies pre-date defined contribution plans. On the other hand, saving rates may never accelerate; Munnell and Sundén (2004) find a relatively constant 401(k) contribution rate after age 30.
increased by a large and statistically significant amount. These results suggest that contributors near the maximum have excess capacity for further tax-deferred saving and are quite sensitive to changes in the statutory limit.
The paper proceeds as follows. Section 2 discusses the institutional background behind 401(k) plans and the adoption of the catch-up contribution provision. Section 3 describes the SIPP Completed Data File and outlines the difference-in-differences and triple-differences methodology used in the regression models. Section 4 describes the results, and Section 5 concludes that the catch-up provision increased 401(k) deferrals among maximum contributors, demonstrating the sensitivity of their retirement saving to tax incentives.
Background: 401(k) Pensions and the Catch-Up Contribution
Though deferred compensation plans had existed for several decades, the Employee Retirement Income Security Act (ERISA) of 1974 set in motion the creation of the 401(k) pension plan, named after Section 401(k) of the IRS Code, which sanctions the use of salary reductions as a source of plan contributions. The law went into effect on January 1, 1980.
The Tax Reform Act of 1986 added a separate limit (IRS Code 402(g)) for salary deferral contributions into 401(k) plans. Previously the only limit on salary deferral contributions was the total defined contribution limit of $30,000 (in 1986) set by IRS Code 415. The 402(g) deferral limit was originally set at $7,000 and indexed to inflation thereafter.
The Economic Growth and Tax Relief Reconciliation Act in 2001 increased potential contributions in two ways. First, starting in 2002, the participant salary deferral limit was increased by $1,000 per year until reaching $15,000 in 2006; this increase exceeded the inflation adjustments previously in place. After 2006 the limit was indexed to inflation. Second, to further encourage retirement savings by older workers, added catch-up contributions to 401(k) plans, allowing participants age 50 or older to make additional salary deferral contributions into their 401(k) accounts. The limit on catch-up contributions into 401(k)s was $1,000 in 2002 and increased $1,000 per year until reaching $5,000 in 2006.
5 Table 1 reports the 401(k) contribution limits for 1999-2005 in nominal and real (2005) dollars by age, demonstrating how catch-up contributions allowed the maximum deferral to 5 It is important to note that the catch-up contribution amounts (IRS Code 414(v)) are not subject to nondiscrimination tests. This allows for the age-eligible highly compensated participants to take full advantage of the catch-up contributions, notwithstanding any plan constraints due to the non-discrimination testing and limits.
increase rapidly for participants approaching retirement. Adjusting for inflation, the deferral limit increased by 11.7 percent per year from 2002-2005 for participants age 50 and over, 4.9
percentage points of which is due to speeding up the increase in the limit for all ages. The catchup provision increased the real limit by the remaining 6.8 percentage points.
In 2014, the maximum 402(g) elective deferral amount is $17,500. The maximum 414(v) catch-up amount is $5,500. The total employer and employee contributions permitted in a DC plan (415 limits) for any participant is $52,000. Thus an age-eligible participant might be able to contribute a total of $23,000 in salary deferrals into his 401(k) account and receive an additional $29,000 of employer contributions and/or match contributions.
Contributions under the tax-deferred limit lower the worker's tax liability in the year in which they are contributed. When the funds are distributed after age 55 (assuming the worker is no longer employed at the firm that sponsored the 401(k) plan, in which case the penalty-free age is 59½), the participant is responsible for paying taxes on both the original contribution and the return it has earned. The working-age participant benefits from this arrangement in several ways. First, the increase in the tax burden is in the uncertain and heavily-discounted future, while the reduction in the tax burden is in the present. Second, the government essentially gives the participant an interest-free loan for the tax burden, which the participant can re-invest to build up a larger 401(k) balance (Gokhale, Kotlikoff, and Warshawsky 2002) . Third, the participant benefits if his future tax burden is calculated from a lower marginal tax rate when the funds are withdrawn than when they are earned.
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A few existing studies have evaluated the catch-up provision but fail to reach a consensus on whether this provision induces additional retirement saving. Orszag (2004) Holden et al. (2005) suggest that after the catch-up provision was adopted for Individual 6 This study focuses on traditional 401(k) plans, as the data is limited to tax-deferred contributions. In recent years workers have had access to Roth 401(k) plans, where contributions are post-tax, but withdrawals are never again taxed -effectively making earnings on those plans tax-free. Munnell, Quinby, and Webb (2012) emphasize that, if the participant faces the same marginal tax rate pre-and post-retirement and the discount rate equals the market rate of return, traditional and Roth 401(k) plans yield the same after-tax value. The comparison to taxable accounts discussed above holds for either 401(k) type, but the data limits our analysis to traditional plans.
Retirement Accounts (at the same time as 401(k) plans), one-third of previously constrained older households took advantage of the higher limits, and each of those households in their sample contributed precisely the maximum. These analyses of retirement saving around the time that catch-up provisions were adopted are largely descriptive and do not attempt to measure the causal increase in contributions among contributors near the maximum.
This study is, to our knowledge, the first to examine the change in 401(k) saving induced by the change in tax incentives from the adoption of catch-up contributions. It uses administrative data that should be a more accurate measure of deferred earnings than would be available in a household survey alone, while connecting this administrative data to detailed information on demographics and economic circumstances not available in administrative data alone. Making use of a natural experiment allows us to explore how retirement saving responds to tax incentives. The results of this study add to our understanding of the effects of tax incentives on saving.
Data and Methodology
This study uses the SIPP Synthetic Beta (SSB), a data product that allows users to link the SIPP household survey to administrative earnings records without requiring access to the restricted data (Abowd, Stinson, and Benedetto 2006) .
In the public-use SIPP, each individual in a household is interviewed every three months over the two to five years in their panel about a wide range of topics, including labor market outcomes, public program participation, demographics and family structure, and health insurance coverage. A subset of essential SIPP variables is then linked, via Social Security Number, to an SSA-produced extract from tax records, including an individual's total annual tax-deferred earnings for each year from 1978-2006; this study examines a smaller window of tax records:
three years before the adoption of the catch-up provision (1999) (2000) (2001) , the year of its adoption (2002), and three years after its implementation (2003) (2004) (2005) .
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The SSB alleviates privacy disclosure concerns by allowing researchers to first run their analysis on synthesized data and then re-run the analysis on actual data. (Table 2) . 9 The primary sample excludes individuals who failed to accumulate enough earnings to qualify for four credits toward SSA "insured status" in every year in which they were age 46-53 between 1999-2005. 10 This restriction eliminates many workers with low or inconsistent earnings who are less likely to be offered a 401(k), less likely to be eligible to participate, or less likely to contribute even if they were eligible (Wu and Rutledge 2014) . 11 The sample further excludes anyone reporting the inability to work due to a health condition while they were sampled by the SIPP, as individuals with work-preventing health conditions may save more to make up for the risk of an earlier retirement, or are less able to save due to diminished earning capacity.
12
The dependent variables (y) in the regressions are, separately, individual i's annual total tax-deferred earnings in 2005 dollars (adjusted by the Consumer Price Index for all urban consumers), or the contribution rate, i.e., the ratio of total deferred earnings to total earnings in 8 SSB results are available upon request. 9 Most of the control variables in the regression model are time-invariant for middle-aged individuals, including education, marital status, and children's ages. Other variables, including net worth quartiles, pension coverage, and blue collar status, are from the specific SIPP interview and should be interpreted with caution; e.g., the coefficient on blue collar should be interpreted as "those who reported working blue collar at one time." 10 Workers earn as many as four "quarters of coverage" or "credits" per year for every multiple of a specific threshold of FICA-taxable earnings. That threshold is adjusted annually to account for wage inflation. In 1999 (2005), a worker earned one credit for every multiple of $740 ($920) of earnings, up to the maximum of four credits. Our employment variable marks someone as a non-worker even if they earned as much as $2960-3680 (nominal) in a year, but anyone earning less than this level is very unlikely to be eligible for, or take up, a pension plan. 11 The results are robust to the inclusion of any individual earning at least four credits in the given year. 12 All analyses are unweighted, as the SIPP Synthetic and Completed Files do not include weights that account for the possibly-unrepresentative match to the SSA data.
year t. The regression is a linear difference-in-differences (DID) model, where the more basic specification is of the form:
is an indicator variable equal to one if the catch-up contribution has been adopted (i.e., 
A positive and statistically significant coefficient on the triple interaction ( 123 ) indicates that previously constrained participants increase their contributions at age 50 by more than maximum-contributors under 50 after the adoption of the catch-up provision.
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In both specifications, τ is a series of year dummies. X is a vector of personal characteristics including gender, race, Hispanic origin, educational attainment, being foreign 13 The coefficient on the interaction of age 50+ and post-2002 ( 13 ) may be of interest on its own; this coefficient would indicate whether those who have not been constrained by the legal deferral limit increase their contributions at age 50 by more after the catch-up provision, perhaps because of increased outreach efforts from their 401(k) providers or employers anticipating increases in funds cycling through the pension system. born, marital status, having a working spouse, earnings terciles, net worth quintiles, homeownership, working in a blue-collar occupation, Census geographic region, and calendar year. Because parents may reduce their 401(k) contributions while their children are in college, X includes an indicator for the presence of children between the ages of 18 and 24, as well as an indicator for having children under 18, which either reduces the ability to save relative to nonparents or parents of kids above 24 or increases the incentive to save in anticipation that the parents will miss contributions during the college years. Finally, X includes indicators representing whether the individual reports having a defined benefit (DB) pension or defined contribution (DC) pension at their current job during his SIPP sampling window. Because the timing of the information on pension type does not necessarily correspond to the 1999-2005 window for deferred earnings, these variables should be interpreted as "ever having a DB" or "ever having a DC."
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We also estimate a more flexible functional form with respect to age:
is equal to one if the individual i is age a in year t; the omitted age is 46. The DID coefficients of interest in this specification are 's. We test whether each individual is statistically distinct from zero, and whether the sum of 50 + 51 + 52 + 53 is statistically distinct from the sum of 47 + 48 + 49 , which indicates that 401(k) contributions increased differentially for catch-up eligible individuals after the adoption of the catch-up provision. The omitted category is age 46. A triple-differences version of this equation is also estimated.
We also take advantage of the longitudinal nature of the data to estimate fixed effects versions of equations (1) and (2). Finally, we estimate the preferred specification, equation (2), within relevant subsamples, to determine whether the sensitivity to tax incentives varies by gender, education, the age of the individual's children, and net worth.
14 Unfortunately. the SSB does not include an indicator for whether the individual has had a DB pension from a previous job. Individuals who can count on significant DB pension income will be less inclined to contribute to 401(k) plans in their later-career jobs. Limiting our sample to workers age 46-53 likely eliminates many early retirees and individuals who switch to "bridge jobs" because they no longer need to accrue DB pension benefits, and most workers who have had a DB pension only through jobs they held before age 50 will not have accumulated a significant DB pension, and so 401(k) contributions are still attractive. complicates the analysis, but the delay in the increase in contributions is also consistent with workers taking time to learn about, and adjust to, the higher deferral limit.
Results
Of course, fewer than 10 percent of the sample is constrained by the legal maximum deferral either before or after age 50, making their impact hard to detect at the macro level. 17 Surprisingly, individuals in the later period are less likely than in the earlier period to be work-limited and slightly less likely to have bachelor's and graduate degrees, but most other trends over time and by age -more racial and ethnic minorities, more foreign born, and more spouses employed in younger groups and in the later period -fit broader patterns in the population. Because of the large sample size, nearly all of the differences are statistically significant, but none of them are substantively large.
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The analysis of interest, however, is the triple-differences framework, which further differentiates near-maximum contributors from those who have never previously approached the deferral maximum. Maximum contributors, of course, are quite different from participants who never approach the maximum (Table 4) . They earn approximately $163,000 and have net worth of $440,000, compared to $57,000 and $200,000 in the sample overall. They are more likely to be male, married, white, and have at least a college degree, and are less likely to have children under 24 or a work-limiting health condition. The differences between pre-and post-adoption of the catch-up provision by age are similar to the differences in the overall sample: earnings and net worth fell between periods but increases with age, and changes between periods in demographics and family structure are consistent with overall trends.
The linear regression model formalizes the comparison of deferred contributions over time by age. Table 5 The triple-differences model finds a statistically significant increase in contributions among workers 50 and older after the adoption of the catch-up provision relative to workers just under 50. Workers younger than 50 who have been near the maximum contribute a statistically significant $917 more after 2002, likely due to the higher maximum for all ages. The large and statistically significant triple interaction indicates that the group that is eligible for catch-up contributions, on the other hand, increases contributions by an additional $543 per year, in response to the change in the deferral limit. This increase is 20 percent of the mean, and 3.5 percent of the average maximum deferral level. Over the 2002-2005 period, the real increase in the maximum contribution for workers age 50 and over was 11.7 percent, or 6.8 percentage points larger than the increase in the maximum for workers under age 50 (Table 1) . Therefore, the elasticity of savings with respect to the change in the maximum deferral is 3.5/6.8, or 0.51.
These results suggest that those contributors near the maximum are quite sensitive to the change in tax incentives.
The other interactions emphasize that only workers affected by the adoption of the catchup provision increase their contributions. The interaction between the indicators for age-50-plus and 2002-and-later is statistically insignificant, small, and negative, suggesting that workers over 50 in the latter period contribute no more than under-50 workers in that period. The interaction between the indicators for age-50-plus and being at the maximum is actually negative and statistically significant, suggesting that, before 2002, participants who had ever contributed near the maximum deferred somewhat more before age 50 than at 50 and older.
The triple-interaction coefficient when the outcome is the deferral rate is also statistically significant and of almost exactly the same magnitude relative to the mean (21.5 percent). Other coefficients are similar to the deferral estimates; notably, contributions also increase by a statistically significant amount for workers age 46-49 after 2002.
Other estimates in Table 5 are largely consistent with predictions. The highest earners and workers with high wealth contribute more, as do married workers. Having children is associated with lower contributions not just when the child is college-aged, but during their precollege years. Rather than being lower because 401(k) wealth is less necessary for people with a DB pension, their contributions and the deferral rate are actually statistically significantly higher, suggesting either that these workers may select into jobs with generous pension benefits or that DB pension holders earn higher wages (though the regression model includes the earnings tercile). In results that are suppressed for space, contributions and deferral rates are larger with more education and are lower for blacks, though Hispanic origin, being born abroad, and the region in which the individual currently resides are not statistically significantly correlated with deferred earnings or rates.
The results in Table 6 allow for separate estimates of 401(k) contributions at each age between 47 and 53, relative to contribution levels or rates at age 46 (the omitted condition). For brevity, we report just the coefficients for age and its interactions, but other variables have coefficients that are similar to the results in Table 5 . As in Table 5 , contributions are larger in 2002-2005 than in 1999-2001 , and the difference-in-differences estimates indicate that the deferral rate is higher for workers 50 and over than for 46-year-olds, though only before 2002 (column 3). But the interaction coefficients in the difference-in-differences models are all statistically insignificant (columns 1 and 3).
The triple-difference model, on the other hand, tells a story that is very consistent with Table 5 Table 5 , which is to be expected given that the qualitative conclusions from the two tables are similar.
The longitudinal nature of the deferred earnings data allows for the estimation of a fixedeffects regression, where the individual's contribution in any given year -in particular, after catch-up contributions become available -is compared to his average contributions over the sample window. The triple-differences coefficient in Table 7 is nearly twice as large as in Table   5 and is strongly statistically significant. The $1,020 increase in contributions in 2002 and later for workers age 50-53 relative to workers who are just under 50 is 6.5 percent of the maximum deferral, implying an elasticity of 0.96 -that is, nearly a one-for-one increase in contributions with the increase in the maximum. Other estimates are similar, except that the interaction of the ever-at-maximum and post-2002 indicators is small and statistically insignificant, implying that workers age 46-49 have no discernible increase in their contributions after the adoption of catchup contributions.
The above results include some workers who do not have access to DC pensions during the period of interest (because this information is only known during the SIPP window). Though the information may not overlap with the 1999-2005 period, the first and third columns of Table   8 limit the sample to individuals who report having a DC pension in the SIPP. The tripledifference coefficient is somewhat larger, but the standard errors increase by more, resulting in estimates that just miss statistical significance at the 90 percent level. The larger standard errors are not surprising, considering that the period in which DC pension participation is measured does not necessarily match up with the period in which we measure deferred earnings. The results in columns 2 and 4 of Table 8 -which limit the sample to individuals with positive deferrals, thereby using information from the same period as the outcome of interest -are more consistent with the earlier results, with similar levels of significance despite the smaller sample size. Table 9 tests the robustness of the triple-difference results on selected sub-samples: by gender, educational attainment, the age of the workers' children, and net worth. The smaller samples make most of the triple-difference coefficients fall just short of statistical significance, but the magnitudes are on the same scale. Women and the wealthy appear to be the most sensitive to the tax incentives to contribute to 401(k)s, with statistically significant tripledifference coefficients that are larger than the main result in Table 5 . More striking is the consistency with which workers of any age who have been max contributors in the past defer more after 2002 -nearly every coefficient in the first column is statistically significant and substantively large. Though attributing this increase to tax incentive sensitivity is difficult, the deferral limit did increase for all ages during this period.
Conclusions
This paper examines whether the catch-up provision, which allows workers over 50 to contribute more to their 401(k) plans, has been effective in increasing 401(k) saving. Our results suggest that workers over age 50 constrained by the maximum deferral level increase their contributions by about $540-1,020 more than the increase by similar workers under 50 (who also contribute more in response to higher deferral limits). The older group is quite sensitive to the change in tax incentives: the elasticity of retirement savings with respect to the tax deferral limit for this group ranges from 0.51 to 0.96, depending on the comparison group. This high elasticity among maximum contributors, who tend to be higher earners, is consistent with Bernheim and Scholz (1993) , who find that higher-income individuals are more responsive to the after-tax rate of return on savings than lower-income individuals.
Further work is needed to fully understand the implications of this increase in 401 (k) contributions induced by the catch-up provision among previously constrained older workers.
Researchers have reported conflicting evidence on the extent to which saving through privatesector DB and DC plans crowds out private saving. Poterba, Venti, and Wise (1995) , on the one hand, argue that 401(k) plans generate an increase in net retirement saving, while Engen, Gale, and Scholz (1994) find that savers only shift assets. Chetty et al. (2014) suggest that tax expenditures do not increase total saving. Even active savers who respond to tax subsidies only shift assets across savings without increasing the total amount they save. While this study finds that contributors near the maximum are quite sensitive to the maximum deferral, whether the increase in 401(k) contributions is a substitution from other accounts or an increase in total saving remains unclear.
The findings of this study also contribute toward the literature evaluating the trade-off between further tax expenditures and increased retirement saving. The increase in 401(k) contributions for the 10 percent who are previously constrained may or may not have resulted in an increase in retirement saving on net. If it did, further research would be needed to understand whether this increase is sufficient to counteract the additional deadweight loss from the increase in the 401(k) tax expenditure. 
